Escalation of drug resistant microbes (bacteria) had forced researchers to search new and improved therapeutic compounds from different possible sources, including metabolites secreted by the actinomycetes. The aim of this study was to evaluate the pattern of antimicrobial actinomycetes from physiologically distinct soil of different geographical locations. Forty five soil samples were collected from 5 districts of Gujarat including two sanctuaries as source of survey for bioactive actinomycetes. Crowded plate technique was used for isolation and Agar cylinder method was employed for the antimicrobial screening. A total of 171 actinomycetes were isolated and screened against eighteen pathogens responsible for causing diseases in plants and humans. Results indicate that 79% of the isolates were active against at least one of the eighteen tested pathogens. Some of the actinomycetes strain had shown strong antibacterial and antifungal activity which may be a good source of obtaining novel antimicrobials.
ous bioactive compounds used as antibiotics [1] [2] [3] [4] . In recent years discovery of bioactive compounds from actinomycetes is getting momentum due to the ever increasing multi and extensively drug resistant pathogens. Unexplored habitat and niche attracts attention for the isolation and screening of bioactive novel actinomycetes. A study on dynamics of bioactive actinomycetes in different untouched areas of Gujarat India was conducted with an objective to examine the populations in conserved habitats and to evaluate their antimicrobial properties. Antimicrobial activity and population dynamics of the actinomycetes isolated from studied area are not yet reported in any published literature.
Historically, most commonly soil isolated actinomycetes have been of genus Streptomycetes and Micromonospora [5] . Compounds isolated from actinomycetes have numerous chemical structures. The macrolides, tetracyclines, aminoglycosides, glycopeptides and ansamicines are used in antibacterial treatments whereas anthracyclines reached the market to supplement anticancer chemotherapy. The fairly toxic polyether-type antibiotics are used as anti-coccicidal agents. Today about 130 to 140 microbial products are applied in human and veterinary medications and about 15 to 20 compounds are used in agriculture mainly as pesticides, plant protecting agents and food additives [6] . Out of all the novel bioactive metabolites, about 70% were derived from actinomycetes [7] . Due to intensely increasing resistance of clinically important bacterial strains, discovery of novel types of antibacterial agents is urgently needed. Microbial screening continues to represent an important route for discovery of novel chemicals for the development of therapeutic agents [8] . Thus, it is necessary to continue screening for new metabolites and evaluate the potential of less known and new microbial taxa for development of novel and improved compounds for future use especially against drug-resistant bacteria [9] . Screening of the actinomycetes for the production of novel antibiotics has been intensively pursued by many scientists [10] [11] . Purpose of this study was to isolate new actinomycetes from untouched area of Gujarat and evaluate their antimicrobial potential to develop new bioactive formulations for control of microbial pathogens.
Material and Methods

Soil Samples
Samples were collected from 5 districts of Gujarat, from various locations viz., grassland, hills, river side, nursery etc. The samples were collected separately from the depth of 10 -15 cm in a clean, dry and sterile polythene bags with the help of sterile open-end soil borer. Characteristically distinct sites on the basis of soil organic matter and moisture content, particle size and colour were selected for sampling. Appropriate sterile materials were used and sterile conditions were maintained during the study.
Test Cultures
Eighteen pathogenic microbial cultures (10 bacteria and 8 fungi) were procured from MTCC, Chandigarh. (MTCC 1474) . All the microbial isolates were sub-cultured on synthetic medium according to their specification. The bacterial pathogens and C. albicans were sub-cultured on Nutrient agar media (Hi-Media MM 002) 18 hrs before and incubated at 30˚C in order to get actively growing culture. The fungal cultures were inoculated on Sabouraud dextrose agar (SDA, Hi-Media M 033) plate 3 days earlier and incubated at room temperature for activation.
Isolation of Actinomycetes
Crowded plate technique [12] was employed for the isolation of actinomycetes from collected soil samples. Samples were air dried at room temperature for 10 -14 days, passed through a 0.8 mm mesh and preserved in sterile polythene bags for further use. For serial dilution, 1 g each of the soil samples were diluted 10 times in sterile physiological water (NaCl 9 gL -1 ) and homogenized by vortexing for 10 -15 min [13] . Portion of 1 ml soil suspensions were transferred to 9 ml sterile distilled water and subsequently diluted to 10 2 , 10 3 , 10 4 , 10 5 , and . Isolation was carried out on Actinomycetes Isolation Agar (AIA, HiMedia MM 012). Petri plates were incubated at 28˚C for 14 -21 days for proper growth. Seventh day onwards, isolated actinomycetes colonies were re-plated on AIA medium and incubated at 28˚C. Pure actinomycetes isolates were maintained on AIA at 4˚C in refrigerator for further experimentation. To determine antimicrobial activities, Actinomycetes were revived by streaking on AIA and incubated at 28˚C for 7 days.
Antimicrobial Activity
Antimicrobial activity was estimated by Agar cylinder method [14] . From well grown culture, five discs (6 mm in diameters) were cut and placed on freshly inoculated bacterial pathogen (0.5 McFarland) on Muller-Hinton agar (MHA, HiMedia M 173) and fungal pathogens were inoculated on Sabouraud dextrose Agar (SDA, HiMedia M 033) supplemented with 3% agar using spore suspension. Plates were first kept at low temperature for at least 2 hours to allow the diffusion of produced antibiotics. For bacteria and yeast cultures the plates were incubated at 37˚C and inhibition was recorded after 24 hours. For fungi the plates were incubated at 28˚C and inhibition was recorded after 72 hours. The activities were recorded by measuring the diameter of zone of inhibition in nearest mm using antibiotic zone reader.
Results and Discussion
Isolation of Actinomycetes
Many researchers have isolated actinomycetes from various natural sources like soil [15] [16] [17] , mud [18] , marine [19] [20] [21] , plants [22] [23], termite guts [24] which are capable to produce novel bioactive compounds and are also compatible antimicrobial agents for healing of the infections [25] [26] . In the present study, Actinomycetes were isolated from 45 soil samples collected from 5 different regions of Gujarat mainly from the untouched area. Sampling was performed from different soil types like sandy, sandy loam, loamy, loamy clay and clay with either little or no organic matter. Total 171 morphologically distinct actinomycetes were isolated and preserved for antimicrobial screening. Most of the strains were isolated on AIA selective medium. This medium seems to be most specific and sensitive for actinomycetes isolation as it contains sodium propionate which acts as antifungal agent [13] . All of the actinomycetes were isolated at mesophilic temperature (28˚C). The result indicates a dynamic population diversity of actinomycetes ( Table 1) . Some of the species were isolated from more than 10 different locations. Homogeneous, heterogeneous and unique population pattern was observed. Out of total 171 isolates, 89 isolates were found uniquely distributed in single location whereas 82 isolates were found dominant in more than two locations. Maximum of 39 actinomycetes were isolated from the site 36 followed by 27 from site 39 and 26 from site 40 (Figure 1 ). Minimum type (1 type) of actinomycetes was isolated from site 3, 4 and 10 respectively. Soil with different texture contains variable characteristics of actinomycetes isolates [27] [28] [29] . Two isolates were found present at 12 out of 45 locations, though they had not shown promising antimicrobial activity as compared to other isolates; whereas one isolate had shown antimicrobial activity against all the 18 screened pathogens which was found at only one location.
Antibiotic Production
The results of antimicrobial screening of 171 actinomycetes showed that 134 (79%) had inhibitory activity against one or more pathogens. Figure 2 illustrates that out of 171 actinomycetes isolated, 36 (21.05%) had not shown any antimicrobial activity against 17 selected pathogens whereas 1 (0.58%) was having antimicrobial activity against all the 17 pathogens. Five isolates (2.92%) had shown activity against 14 pathogens, 4 (2.33%) against 12 pathogens, 5 (2.92%) against 11 pathogens, 7 (4.09%) against 10 pathogens, 6 (3.50%) against 9 pathogens, 5 (2.92%) against 8 pathogens, 7 (4.09%) against 7 pathogens, 7 (4.09%) against 6 pathogens, 15 (8.77%) against 5 pathogens, 5 (2.92%) against 4 pathogens, 13 (7.06%) against 3 pathogens, 25 (14.61%) against 2 pathogens and 30 (17.54%) against 1 pathogen. Analysis of the results indicates that 90 (53%) Actinomycetes do not have any activity against the fungal pathogens whereas in case of bacterial pathogens this number was 49 (29%). Percentage of actinomycetes strains producing antimicrobial compounds in standard agar diffusion assay ranges between 30% to 80% depending on the ecological and taxonomical groups [30] . Search for the novel metabolites especially from actinomycetes requires screening from large number of isolates in order to discover novel compounds of pharmaceutical important. Adaptation in term led the actinomycetes to produce their own secondary metabolites to survive [15] . From the experiments it was found that, 52 actinomycetes were able to control the growth of plant pathogenic bacteria Erwinia carotovora, 58 were found inhibitory to Bacillus subtilis, 51 had shown inhibition against Table 2) . Roughly 65% of the graph area in Figure 3 is showing antibacterial, 15% antifungal and 20% without any activity respectively. This clearly demonstrates the richness of the sites for the microbes with antimicrobial property. 
Conclusion
One hundred and seventy one actinomycetes strains were isolated from different untouched regions of Gujarat. Screening was performed against 18 plant and human pathogenic bacteria and fungi. Isolates producing bioactive compounds were expressed by their antibiotic activity spectrum. Extensive screening of the isolates for their antibacterial and antifungal activity revealed that they have strong antibiotic producing potential. The study implies that actinomycetes from Gujarat soil are a potential source for development of novel anti-microbial agents. 
